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方法：将 52 只 24 月龄 SD 大鼠随机分为雷帕霉素组和对照组，分别给予雷
帕霉素（1 mg/kg weight/day）和等量 DMSO 腹腔注射 12 周后处死大鼠。采用
Micro-CT 检测大鼠腰椎和胫骨近端骨密度和骨微结构，骨组织双荧光标记检测
MAR，TRAP 染色检测破骨细胞。利用 ELISA 检测血清中骨钙素和 Tracp 5b 水
平用来评价骨代谢。采用 TUNEL 染色评价骨细胞凋亡。通过免疫组织化学法、
Western blot、q-PCR 等方法检测骨细胞自噬标记物表达水平。 
结果：Micro-CT 结果显示：雷帕霉素组大鼠腰椎和胫骨近端 BMD、BV/TV、
Tb.Th、Tb.N 均明显高于对照组大鼠，而 Tb.Sp 则低于对照组大鼠。结果表明雷
帕霉素能够增加老年大鼠骨密度，改善其骨微结构。除此之外，雷帕霉素能够增
加 MAR，减少破骨细胞数量，并且雷帕霉素组大鼠血清中骨钙素水平高于对照
组，而 Tracp 5b 水平则低于对照组。结果表明雷帕霉素能够促进骨形成、抑制骨
吸收。TUNEL 染色结果显示：雷帕霉素组大鼠凋亡骨细胞数目明显少于对照组，
同时 q-PCR 和 Western blot 检测结果显示：雷帕霉素可以上调老年大鼠中抗凋亡
基因和蛋白的表达水平，下调凋亡标记基因和蛋白的表达水平；以上结果表明雷
帕霉素对于骨细胞凋亡具有抑制作用。进一步研究发现雷帕霉素干预 12 周后可
以上调老年大鼠骨细胞中 LC3、ULK1 和 Beclin-1 的基因和蛋白表达水平，并且







































Introduction: Senile osteoporosis is a serious public health issue since its 
association with high prevalence. Recent studies have showed that osteocyte is the 
orchestrator of bone remolding through coordinating the functions of osteoblasts and 
osteoclasts. There is a marked decline in osteocyte number accompanied by an 
increase in osteocyte apoptosis with age, which cause bone metabolism disorder. 
Autophagy is an important physical process that is essential for osteocyte homeostasis. 
Recent studies have showed that compromised autophagy function in osteocyte with 
age might contribute to the development of senile osteoporosis. In this study, as the 
breakthrough point with osteocyte autophagy, we study the effect and mechanism of 
rapamycin, one activator of autophagy, on senile osteoporosis. 
Methods: The fifty-two 24-month-old male SD rats were randomly divided into 
two groups. Rapamycin (1 mg/kg weight/day) or DMSO vehicle control was 
administered intraperitoneally for 12 weeks. BMD and bone microstructure were 
determined by Micro-CT. Fluorochrome labeling of the bones was performed to 
measure the mineral apposition rate (MAR). TRAP staining was performed to 
evaluate osteoclast number. The serum levels of osteocalcin and Tracp 5b were also 
analyzed by ELISA to evaluate bone turnover. TUNEL was used to determine the 
prevalence of osteocyte apoptosis. The effects of rapamycin on osteocyte autophagy 
were determined by immunohistochemistry, Western blot, and q-PCR.  
Results: Micro-CT evaluation demonstrated that rapamycin-treated rats had 
higher BMD, BV/TV, Tb.Th, Tb.N and lower Tb.Sp compared with the control group. 
The Micro-CT results showed rapamycin was able to increase the BMD and improve 
the bone microstructure of elder rats. Besides, rapamycin resulted in an obvious 
increase of MAR and a decrease of osteoclast number in contrast to the control group. 
A significantly higher level of serum osteocalcin and lower level of Tracp 5b were 
















the ability of stimulating bone formation and inhibiting bone resorption. Rats treated 
with rapamycin exhibited decreased apoptosis of osteocyte determined by TUNEL. 
We also found that rapamycin can upregulate the expression of antiapoptotic gene and 
protein accompanying with downregulating the expression of bio-markers of 
apoptosis mRNA and protein. All the results revealed that rapamycin had a protective 
effect on age-related osteocyte apoptosis. The expression of LC3、ULK1、Beclin-1 
mRNA and protein in the rapamycin-treated rats were also higher than control group. 
Moreover, rapamycin also stimulated the ratio of LC3-II to LC3-I and reduced the 
expression of the SQSTM1/p62, confirmed by Western blot. These results suggested 
that rapamycin was able to activate osteocyte autophagy. 
Conclusion: In the current study, we found that rapamycin not only had a 
protective effect on age-related bone loss but also improve bone metabolism. The 
functions of rapamycin were exhibited by reserving osteocyte viability through 
inducing osteocyte autophagy, thereby regulating bone remolding. 

























2013 年统计，骨质疏松症在欧盟的患病人数为 2750 万，其中 50 岁以上的
女性骨质疏松患病率为 22.1 %，男性为 5.5%，而 80 岁以上的老年男性骨质疏松
患病率则增为 16.6%[1]。在美国，50 岁以上的骨质疏松患者有 100 万[2]。而我国，







的是双能 X 线吸收测定法（dual energy x-ray absorptiometry，DXA）。原理是基
于 X 线对于钙组织的高敏感性，而骨骼又是体内最主要的钙源。临床上对于骨
质疏松症的诊断也是基于 DXA 测量的骨密度结果判定的。骨密度结果最常使用
T 值表示，其中 T 值是指所测定个体的骨密度值和测定个体所属同种人群的平均
值的差值结果与正常成人骨密度标准差的比值。而世界卫生组织对于骨质疏松症


























见，据世界卫生组织预测，到 2050 年，50 岁以上的老年人髋部骨折的患病人数
将达到 70 万人[2]。除此之外，髋部骨折也是危害最严重的的骨质疏松性骨折，
患者 1 年内死亡率高达 20%。在美国，每年用于骨质疏松的直接费用多达 200
亿美元[7]，而与骨质疏松性骨折相关的治疗费用则更多。在欧洲，每例髋部骨折





































（Odanacatib）是目前正在进行临床试验的高特异性的 cathepsin K 抑制剂。1 期
临床试验结果表明，奥当卡替可以使骨吸收标记物 I 型胶原羧基末端肽





成的抑制 Wnt 信号通路的物质，能够抑制成骨细胞的骨形成作用。2 期临床试验
结果表明，皮下注射硬骨素的特异性抗体 1 年，可以使绝经后骨质疏松患者腰椎









































图 1 骨重建[14] 
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